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6FUHHQLQJDVVD\V SHUIRUPHGDJDLQVWPHPEUDQHSURWHLQWDUJHWV HJSKDJHGLVSOD\ DUHKDPSHUHGϭϵ
E\LVVXHVDULVLQJIURP SURWHLQH[SUHVVLRQDQGSXULILFDWLRQSURWHLQVWDELOLW\LQGHWHUJHQWVROXWLRQVϮϬ
DQGHSLWRSHFRQFHDOPHQWE\ GHWHUJHQWPLFHOOHV+HUH ZHKDYHVWXGLHGDIDVWDQGVLPSOHPHWKRGϮϭ
WR LPSURYH VFUHHQLQJ DJDLQVWPHPEUDQH SURWHLQV VSKHULFDOVXSSRUWHG ELOD\HU OLSLGPHPEUDQHVϮϮ
³66%/0´ 66%/0V FDQEH TXLFNO\ LVRODWHG YLD ORZVSHHG FHQWULIXJDWLRQ DQG UHGLVSHUVHG LQϮϯ
OLTXLGVROXWLRQV ZKLOH SUHVHQWLQJWKHWDUJHWSURWHLQ LQDQDWLYHOLNHOLSLG HQYLURQPHQW 7RSURYLGHϮϰ
SURRIRIFRQFHSW 66%/0VHPEHGGLQJWKHSRO\WRSLF EDFWHULDOQXFOHRVLGHWUDQVSRUWHU1XS&ZHUHϮϱ
DVVHPEOHG RQ DQGQPVLOLFDSDUWLFOHV 7RWHVWVSHFLILFELQGLQJRIDQWLERGLHV1XS&ZDVϮϲ
WDJJHGZLWKDSRO\KLVWLGLQHHSLWRSHLQRQHRILWVFHQWUDO ORRSVEHWZHHQ WZRWUDQVPHPEUDQHKHOLFHVϮϳ
)OXRUHVFHQWODEHOOLQJVPDOODQJOH;UD\VFDWWHULQJ6$;6 DQGFU\RHOHFWURQPLFURVFRS\FU\RϮϴ
(0ZHUH XVHGWRPRQLWRU IRUPDWLRQRIWKH66%/0V6SHFLILF ELQGLQJRIDQDQWLKLVDQWLERG\DQGϮϵ












GLVFRYHU\ RI QRYHOPHPEUDQH SURWHLQ ELQGHUV ± LQFOXGLQJ DQWLERG\EDVHGPHGLFLQHV WKDW KDYHϰϮ
HPHUJHG WKURXJKRXW WKH ODVW GHFDGH>@ ± LV QRW ZLWKRXW LVVXH 7KH KLJKWKURXJKSXW SURWRFROVϰϯ
HPSOR\HGE\ WKHGUXJGLVFRYHU\LQGXVWU\GHPDQGKLJKOHYHOVRIH[SUHVVLRQDQGSXULW\IURPWKHLUϰϰ
GHVLJQDWHG VFUHHQLQJ WDUJHWV \HW IHZPHPEUDQHSURWHLQV FDQEH H[SUHVVHG DWKLJK OHYHOZLWKLQϰϱ
WKHLUQDWLYHPHPEUDQHV0RUHRYHUWKHJHQHUDOVWXG\RIPHPEUDQHSURWHLQVLVIXUWKHUFRPSOLFDWHGϰϲ
E\WKHIDFW WKDW DGYDQFHGUHVHDUFKWHFKQLTXHVHJ NLQHWLFDQGOLJDQGELQGLQJFKDUDFWHULVDWLRQϰϳ
QXFOHDUPDJQHWLFUHVRQDQFH105RU;UD\FU\VWDOORJUDSK\ FDQQRWDOZD\VEHGLUHFWO\SHUIRUPHGϰϴ
RQFUXGHFHOOXODUPHPEUDQHV DQGWKXV UHTXLUHJHQHURXVDPRXQWVRIUHFRPELQDQWSURWHLQRI KLJKϰϵ
SXULW\ DQG FRQIRUPDWLRQDO VWDELOLW\ WKHUHIRUH EHFRPLQJ UHOLDQW RQ LGHQWLI\LQJ RSWLPLVHGϱϬ
H[SUHVVLRQ SODWIRUPV D VXLWDEOH GHWHUJHQW IRU WKH VROXELOLVDWLRQ DQG PRUH RIWHQ WKDQ QRWϱϭ
GHPDQGLQJKLJKWKURXJKSXWPHWKRGRORJLHV>@ϱϮ
8QIRUWXQDWHO\ V\VWHPV XVHGLQWKHRYHUSURGXFWLRQRIPHPEUDQHSURWHLQ WDUJHWV UDUHO\H[SUHVVKLJKϱϯ
DPRXQWVRIUHFRPELQDQWSURWHLQ>@SDUWO\GXH WR GLIIHUHQFHVEHWZHHQWKH ELRJHQHVLVSDWKZD\V RIϱϰ




WDUJHW GHQDWXUDWLRQ LV DQHYHUSUHVHQW FRQFHUQDIWHU WKH SURWHLQVKDYHEHHQ UHPRYHG IURP WKHLUϱϵ
QDWLYHPHPEUDQHVDQGWKLV LV WKHPDLQUHDVRQZK\ GHWHUJHQWVROXELOLVDWLRQKDVEHHQWUDGLWLRQDOO\ϲϬ
XVHGWRFRXQWHUWKHFRQVLGHUDEOHK\GURSKRELFLW\DQGDJJUHJDWLRQWHQGHQF\RIPHPEUDQHSURWHLQVϲϭ
SRVWSXULILFDWLRQ> @ :KLOH GHWHUJHQWVROXELOLVHG SURWHLQV IDFLOLWDWH VFUHHQLQJ ZLWK RWKHUϲϮ
ELRPROHFXOHVVXFKDVOLJDQGVRULQKLELWRUV LQVROXWLRQ>@LWLV FRPPRQO\GHVLUDEOHWRWUDQVIHUWKHϲϯ
WDUJHWSURWHLQV LQWROHVVGLVUXSWLYHHQYLURQPHQWV VLQFHHYHQWKHPLOGHVWGHWHUJHQWVFDQ VWLOOOHDGWRϲϰ
WKH FRPSOHWH LQDFWLYDWLRQ RI WKH VROXELOLVHG SURWHLQV>@ 0RUHRYHU LQ WKH FRQWH[W RI DQWLERG\ϲϱ
ELQGLQJ VWXGLHV GHWHUJHQW PLFHOOHV FDQ DOVR DFWLYHO\ EORFN SRWHQWLDO HSLWRSHV RQ WKH FKRVHQϲϲ
VFUHHQLQJ WDUJHWVDQGFDQWKXVKDYHDGLUHFWQHJDWLYHLPSDFWRQ WKHGLVFRYHU\RIQHZDQWLERG\ϲϳ
EDVHGSKDUPDFHXWLFDOV>@ϲϴ






VHYHUDO PHPEUDQH SURWHLQV VXFK DV WKH PXOWLGUXJ HIIOX[ SXPS FRPSRQHQW 2SU0>@ϳϱ
EDFWHULRUKRGRSVLQ>@ RUWKHUHGR[GULYHQSURWRQSXPSF\WRFKURPHFR[LGDVH>@ 7KLVSURPSWHGϳϲ
XVWRH[SORUHZKHWKHUE\UHILQHPHQWRIWKH66%/0IRUPDWWKLVWHFKQRORJ\FDQEHXVHG LQDVVD\Vϳϳ






LV D SURWRQGHSHQGHQW V\PSRUWHU EHORQJLQJ WR WKH FRQFHQWUDWLYH QXFOHRVLGH WUDQVSRUWHU &17ϴϰ
IDPLO\>@ 7KH SURWHLQ VKDUHV  DPLQR DFLG VHTXHQFH LGHQWLW\ ZLWK WKH KXPDQϴϱ
WUDQVSRUWHUVK&17ZKLFKUHQGHUVLWDJRRGPRGHOIRUVWXG\LQJWKHWUDQVSRUWRIWKHWKHUDSHXWLFϴϲ
QXFOHRVLGHDQDORJXHVXVHGLQWKHWUHDWPHQWRIOLIHWKUHDWHQLQJYLUDODQGQHRSODVWLFGLVHDVHVVXFKϴϳ
DV D]LGRWK\PLGLQH DQG JHPFLWDELQH>@ 6LQFH DQWLERG\EDVHG SKDUPDFHXWLFDOV DUH W\SLFDOO\ϴϴ
H[SHFWHGWRWDUJHWHSLWRSHV ORFDWHG LQ WKH ORRSUHJLRQVRIWUDQVPHPEUDQHSURWHLQVDFORQHRI1XS&ϴϵ
ZDV HQJLQHHUHG WR IHDWXUH D +LVWDJ RQ RQH RI LWV FHQWUDO ORRSV EHWZHHQ WZR WUDQVPHPEUDQHϵϬ
KHOLFHV 7KLV DIILQLW\ WDJ DOORZHG IRU WKH ELQGLQJ RI ERWK DQWL+LV DQWLERGLHV DVZHOO DV JROGϵϭ
FRQMXJDWHGQLWULORWULDFHWLFDFLG17$ SUREHVZKLFK JUHDWO\DLGHG XV LQ SURYLGLQJ RXU SURRIRIϵϮ
FRQFHSWϵϯ
+HUHZHVKRZ WKDW66%/0V DUH DVXLWDEOHSODWIRUPIRUVFUHHQLQJDVVD\V DQGUHSRUWRQ WHFKQLFDOϵϰ
LPSURYHPHQWV WKDW DUH UHTXLUHG WR UHGXFH QRQVSHFLILF ELQGLQJ RI DQWLERGLHV WR WKH 66%/0ϵϱ
SDUWLFOHV1RQVSHFLILFELQGLQJRISURWHLQVLQFOXGLQJDQWLERGLHVDQGELRPLPHWLFDQWLERGLHVFDQϵϲ
RFFXU LI VLOLFDSDUWLFOHVDUHQRWFRPSOHWHO\FRDWHG E\WKHOLSLGPHPEUDQHVH[SRVLQJVRPHRIWKHϵϳ
EDUHVLOLFDVXUIDFH>@ +HUHZHVKRZWKDWLQFOXGLQJOLSRVRPHVDQGERYLQHVHUXPDOEXPLQ%6$ϵϴ
EXWQRWGHWHUJHQWV GXULQJ WKHLQFXEDWLRQVWHSV ZLWKDQWLERGLHV LVDVLPSOHDQGHIIHFWLYHVWUDWHJ\WRϵϵ
EORFNQRQVSHFLILFELQGLQJ)XUWKHUPRUHZHVKRZWKDWWKLVPHWKRGFDQDOVREHDSSOLHGZKHQXVLQJϭϬϬ






1XS& GHWHFWLRQ HPSOR\HG +53FRQMXJDWHG PRXVH ,J* DQWL+LV DQWLERGLHV 5	' 6\VWHPVϭϬϳ
0$%+ /LSLGGHWHUJHQW DQGUHODWHGPDWHULDOV LQFOXGHGSDOPLWR\OROHR\OVQJO\FHURϭϬϴ
SKRVSKRFKROLQH 323& OLSLGV $YDQWL 3RODU /LSLGV  Į>ϭϬϵ











%RWKDQXQWDJJHGYHUVLRQS*-/ DVZHOODVD+LVWDJJHGFRQVWUXFW RI1XS& S/+ZHUHϭϮϭ
XVHG 7KH SODVPLG S*-/ ZDV REWDLQHG E\ FORQLQJ WKH ( FROL QXS& JHQH LQWR D S774ϭϮϮ
YHFWRU>@ EHWZHHQ(FR5,DQG+LQG,,,S774 IHDWXUHV DQ LVRSURS\Oȕ'WKLRJDODFWRS\UDQRVLGHϭϮϯ
,37*LQGXFLEOHWDF SURPRWRU>@S/+ZDVWKHQFORQHGIURPS*-/WKURXJKWKHLQVHUWLRQϭϮϰ
RI DSHQWDKLVWLGLQH WDJ:HSUHYLRXVO\ UHSRUWHG WKDW FORQLQJ D+LVWDJ LQWR HLWKHU WKH1 RU&ϭϮϱ
WHUPLQXVRI1XS&SUHYHQWV LWVH[SUHVVLRQ>@KHQFH DSHQWDKLVWLQHWDJZDVLQVHUWHG LQWKHFHQWUDOϭϮϲ
F\WRSODVPLFORRSEHWZHHQWUDQVPHPEUDQH70KHOLFHV DQGVSHFLILFDOO\ EHWZHHQ+LVDQGϭϮϳ
*OX 7KH SHQWDKLVWLQH WDJ DORQJ ZLWK WKH QDWLYH +LV WKXV UHVXOWHG LQ  FRQVHFXWLYHϭϮϴ
KLVWLGLQHV ,Q S/+&\VZDV DOVRPXWDWHG WR DQ $OD WR UHGXFH SRWHQWLDO GLPHULVDWLRQ DQGϭϮϵ
DJJUHJDWLRQ:KLOH WKH XULGLQHXSWDNHDFWLYLW\RI WKHLQWHUQDOO\ +LVWDJJHG1XS& FRQVWUXFW ZDVϭϯϬ






FDUEHQLFLOOLQ&S/+ZDVFXOWXUHG DVP/FXOWXUHV LQ/EDIIOHGIODVNV DWq & ZLWKϭϯϳ
USPRUELWDOVKDNLQJ XQWLO UHDFKLQJDQ 2'QP RIaDIWHUZKLFKH[SUHVVLRQZDVLQGXFHGZLWKϭϯϴ
P0,37* *HQHURQ IRUDQRWKHUKRXUV7KHFHOOVZHUH WKHQ KDUYHVWHGYLD FHQWULIXJDWLRQuJϭϯϵ
IRUPLQDQGUHVXVSHQGHGLQ P07ULVP0 ('7$S+ XVLQJ YROXPHVILYHWRVL[ϭϰϬ
WLPHVWKHZHLJKWRIWKHKDUYHVWHGFHOOV2QFHUHVXVSHQGHGWKHFHOOVZHUHKRPRJHQLVHGXVLQJ DQϭϰϭ
8OWUD7XUUD[ FHOO KRPRJHQLVHU DQG VXEVHTXHQWO\ O\VHG YLD WZR FRQVHFXWLYH UXQV WKURXJK DϭϰϮ
76$%*$FHOOGLVUXSWHU&RQVWDQW6\VWHPVDWN3VL7KHO\VHGFHOOVZHUHFHQWULIXJHGDWϭϰϯ
uJ IRUPLQXWHVLQRUGHUWRUHPRYH FHOOXODUGHEULV7KHVXSHUQDWDQWZDV XOWUDFHQWULIXJHGϭϰϰ
DW uJ IRU  KRXUV WR LVRODWH WKH EDFWHULDOPHPEUDQHV 7KH SURWHLQ FRQFHQWUDWLRQ RI WKHϭϰϱ
PHPEUDQHSUHSDUDWLRQZDVGHWHUPLQHGXVLQJWKHELFLQFKRQLQLFDFLG%&$DVVD\7KHPHPEUDQHVϭϰϲ
ZHUH VROXELOLVHG LQ VROXELOLVDWLRQ EXIIHU  ZY Q'RGHF\Oȕ'PDOWRVLGH ''0 P0ϭϰϳ
SKRVSKDWHEXIIHU ZYJO\FHUROP01D&OP0LPLGD]ROHDQG F2PSOHWH('7$ϭϰϴ
IUHHPLQL SURWHDVH LQKLELWRU FRFNWDLO S+  DW & IRU  KRXU DW D WRWDOPHPEUDQH SURWHLQϭϰϵ
FRQFHQWUDWLRQRIDSSUR[LPDWHO\PJP/7KHVROXELOLVHGPHPEUDQHVZHUHWKHQXOWUDFHQWULIXJHGϭϱϬ
DWuJ IRUKRXUDIWHUZKLFKWKHLQVROXEOHSHOOHWZDVGLVFDUGHG7KHVXSHUQDWDQWZDVDGGHGϭϱϭ
WR DEHGYROXPHRI/ RIFREDOW DIILQLW\ FKURPDWRJUDSK\ UHVLQ 3LHUFHSHUPJRI WRWDOϭϱϮ
PHPEUDQHSURWHLQSUHHTXLOLEUDWHGLQZDVKEXIIHUP0SKRVSKDWHEXIIHU ZY JO\FHUROϭϱϯ
P01D&O P0LPLGD]ROHDQG  ZY ''0S+1XS& ZDV ERXQG WRWKHUHVLQϭϱϰ
IRUKRXUV DW &ZLWKJHQWOH UROOHUPL[LQJ7KH UHVLQZDVSDFNHG LQWR DGLVSRVDEOH ILOWHUHGϭϱϱ
FROXPQ7KHUPR3LHUFH 6FLHQWLILFDQGZDVKHGDWq&ZLWKFROXPQYROXPHV RIZDVKEXIIHUϭϱϲ
1XS& ZDV HOXWHGLQ P/IUDFWLRQVXVLQJHOXWLRQEXIIHUP0SKRVSKDWHEXIIHU ZYϭϱϳ
JO\FHUROP01D&OP0LPLGD]ROHDQG  ZY ''0S+DQGVXEVHTXHQWO\ϭϱϴ
GLDO\VHGIRU DQRWKHU KRXUVDWq&DJDLQVWGLDO\VLVEXIIHUP00(6 ZY JO\FHUROϭϱϵ
P01D&ODQG ZY ''0S+ )LQDOO\ WKHSURWHLQVDPSOHVZHUHFRQFHQWUDWHGϭϲϬ





VWUHDPWKHQ XQGHUYDFXXPIRUKRXUV7KHGHVLFFDWHGOLSLGDOLTXRWVZHUH VWRUHGXQGHU D QLWURJHQϭϲϲ
DWPRVSKHUH DW q & XQWLO XVHG /LSRVRPHV ZHUH SUHSDUHG E\ ILUVW UHK\GUDWLQJ WKH DERYHϭϲϳ
PHQWLRQHG DOLTXRWVLQSKRVSKDWHEXIIHUHG VDOLQH3%6W\SLFDOO\DW FRQFHQWUDWLRQVRI PJP/ϭϲϴ
7KHOLSLGVXVSHQVLRQVZHUHWKHQSDVVHGWLPHVWKURXJKDIXOO\DVVHPEOHG0LQL([WUXGHU$YDQWLϭϲϵ
3RODU/LSLGV ILWWHGZLWKDSRO\FDUERQDWHWUDFNHWFKHG PHPEUDQH:KDWPDQIHDWXULQJHLWKHU ϭϳϬ
QP RUQPSRUHVL]HVVDQGZLFKHGEHWZHHQIRXUH[WUXGHUGUDLQGLVFVLHWZRRQHDFKVLGHRIϭϳϭ
WKHPHPEUDQH 7KH IOXRUHVFHQW ODEHOOLQJRI323& OLSRVRPHVZDVDFKLHYHGE\ ILUVWGLVVROYLQJϭϳϮ
7H[DV5HG75PRGLILHGOLSLGVLQDYYPL[WXUHRIFKORURIRUPDQGPHWKDQROPJP/ϭϳϯ




&S*-/ZDVFXOWXUHGDVGHVFULEHG DERYH DQG WKH WRWDOPHPEUDQHIUDFWLRQ ZDV LVRODWHG DV IRUϭϳϴ
&S/+)ROORZLQJ XOWUDFHQWULIXJDWLRQWKHPHPEUDQH SHOOHWLH WKHWRWDOPHPEUDQHH[WUDFWϭϳϵ
ZDVUHVXVSHQGHGLQ D ZZ VXFURVH7ULV('7$EXIIHUP07ULV+&OP0('7$ϭϴϬ
S+ $ZZ VXFURVHJUDGLHQWZLWKFHQWULIXJDWLRQDWuJ IRUKRXUVZDV XVHGϭϴϭ
WRVHSDUDWHWKHLQQHUPHPEUDQH ,0 IURPWKHRXWHUPHPEUDQH>@ 7KH,0 IUDFWLRQZDV FROOHFWHGϭϴϮ
IURP WKH JUDGLHQW DQGZDVKHG ZLWK 7ULV('7$ EXIIHU YLD WZR RWKHU KRXU FHQWULIXJDWLRQV DWϭϴϯ
uJ 7KHSURWHLQFRQFHQWUDWLRQRI WKH ,0 IUDFWLRQ ZDV GHWHUPLQHGYLD%&$ DVVD\DIWHUϭϴϰ
ZKLFK WKH ,0 YHVLFOHVZHUH UHVXVSHQGHG LQ7ULV('7$EXIIHU DQG VWRUHG LQ PJP/ SURWHLQϭϴϱ
DOLTXRWVDW& )RU66%/0IRUPDWLRQWKH,0YHVLFOHV ZHUHPL[HGZLWK323&OLSRVRPHVDWϭϴϲ
YDULRXVUDWLRVH[SUHVVHGDVSURWHLQZHLJKWRIWKH,0 YHUVXV GU\OLSLGZHLJKWRIWKH323&YHVLFOHVϭϴϳ
7KH UHVXOWLQJ ,0323&PL[WXUHZDVWKHQVQDSIUR]HQLQOLTXLG QLWURJHQDQGWKDZHGE\LPPHUVLQJϭϴϴ
WKHWHVWWXEHLQZDWHU DWq &7KLV IUHH]HWKDZSURFHGXUH ZDVUHSHDWHG WKUHHWLPHVDIWHUZKLFKϭϴϵ
WKH,0323&PL[WXUHZDVH[WUXGHGWKURXJK D QPWUDFNHWFKHG PHPEUDQH DVGHVFULEHGDERYHϭϵϬ
ϭϵϭ
1XS&UHFRQVWLWXWLRQϭϵϮ
5HFRQVWLWXWLRQRI+LVWDJJHG1XS& LQWRSURWHROLSRVRPHVZDVSHUIRUPHG IROORZLQJ DPRGLILHGϭϵϯ
PHWKRGRI *HHUWVPDHWDO>@ 323&OLSRVRPHVPJP/LQ3%6 ZHUHSUHSDUHGDVGHWDLOHGDERYHϭϵϰ
XVLQJ QPWUDFNHWFKHGPHPEUDQHV P/RIOLSRVRPHVZDV WLWUDWHGZLWKZY7ULWRQ;ϭϵϱ
XQWLO5VDW ZDVUHDFKHG DV PRQLWRUHGE\DQLQFUHDVHLQ 2'QP DIWHUZKLFKDQDGGLWLRQDOϭϵϲ
P/RI7ULWRQ;ZHUH DGGHG1XS&ZDV PL[HGLQ DWDSURWHLQOLSLGUDWLR RIEHWZHHQ ϭϵϳ
ZZ DQGLQFXEDWHGIRUPLQDWq &%LR%HDGV60PJZHUH DGGHG WRUHPRYH7ULWRQϭϵϴ
; IURPVROXWLRQGXULQJD PLQ LQFXEDWLRQDW&XQGHUJHQWOHUROOHUPL[LQJ7KLVVWHSZDVϭϵϵ
UHSHDWHGWZLFHXVLQJ PLQ DQG KLQFXEDWLRQVDWq& DIWHUZKLFKWKHSURWHROLSRVRPHVZHUHϮϬϬ




6LOLFD SDUWLFOHV W\SLFDOO\JZHUHYLJRURXVO\YRUWH[HGZLWKOLSRVRPHVDWGLIIHUHQW OLSLGWRϮϬϱ
SDUWLFOH UDWLRVZZ DVLQGLFDWHGLQWKH5HVXOWV VHFWLRQ)ROORZLQJDKRXULQFXEDWLRQ DW &ϮϬϲ
ZLWK JHQWOH UROOHU PL[LQJ WKH UHVXOWLQJ 66%/0V ZHUH SHOOHWHG YLD FHQWULIXJDWLRQ  PLQϮϬϳ
uJ7KHVXSHUQDWDQWVZHUH UHPRYHGRU WUDQVIHUUHGLQWRVHSDUDWHWXEHV LIUHTXLUHGZKLOHϮϬϴ
WKHSDUWLFOHSHOOHWVZHUHZDVKHG E\YRUWH[LQJ LQLGHQWLFDOYROXPHVRI GHLRQLVHG ZDWHU IROORZHGE\ϮϬϵ










/66%/0 VDPSOHVZHUH FUHDWHG DV GHVFULEHG DERYH E\PL[LQJ+LVWDJJHG1XS&323&ϮϮϬ
SURWHROLSRVRPHV  ZZ SURWHLQOLSLG UDWLR ZLWK  QP VLOLFD SDUWLFOHV DW D  ZZϮϮϭ
OLSRVRPHSDUWLFOH UDWLR 3URWHLQIUHH SDUWLFOHVZHUH DOVR IRUPHG DW HTXLYDOHQW FRQFHQWUDWLRQV WRϮϮϮ
VHUYHDVQHJDWLYHFRQWUROV)ROORZLQJWKHGHLRQLVHGZDWHUZDVKWKH66%/0VDPSOHVZHUHSHOOHWHGϮϮϯ
DQG UHVXVSHQGHG LQ / YROXPHV RI1L17$1DQRJROG SUREH VROXWLRQ SUHSDUHG WR D ϮϮϰ
SUREHSURWHLQPRODU UDWLR LQ EORFNLQJ EXIIHU FRQVLVWLQJ RI 3%6 VXSSOHPHQWHGZLWK JP/ϮϮϱ
323&YHVLFOHVDQGPJP/ERYLQHVHUXPDOEXPLQ%6$ $IWHUD PLQ LQFXEDWLRQ DW& ZLWKϮϮϲ
JHQWOHUROOHUPL[LQJWKH66%/0VZHUHSHOOHWHGDQGZDVKHGWZLFHYLD YRUWH[LQJ ILUVWLQEORFNLQJϮϮϳ
EXIIHUWKHQLQUHJXODU3%6EHIRUHEHLQJGLOXWHGîIXUWKHUZLWK 3%6 DQG DSSOLHGWRWKHFU\R(0ϮϮϴ
JULGV7KHVH ZHUHSUHSDUHGXVLQJD)(,9LWURERW0DUN,9E\ ILUVWDSSO\LQJ/RIVDPSOHSHUϮϮϵ
JULG ZKLFKKDGSUHYLRXVO\EHHQJORZGLVFKDUJHG IRUVHFRQGV WKHQEORWWLQJRII WKHH[FHVVϮϯϬ
VROXWLRQIRUVHFRQGVDQGILQDOO\ SOXQJHIUHH]LQJ WKHJULGV LQ OLTXLGHWKDQH$OORIWKHSUHSDUHGϮϯϭ











UHXVDEOHPPTXDUW]FDSLOODU\ORDGLQJWXEH LQRUGHU WRJLYH WKH H[DFW VDPHVFDWWHULQJYROXPHϮϰϯ
HDFK WLPH $0\WKHQ ;UD\ GHWHFWRU V\VWHP 'HFWULV /WG %DGHQ 6ZLW]HUODQG ZDV XVHG IRUϮϰϰ
UHFRUGLQJ WKH'VFDWWHULQJSDWWHUQV6$;6WUHDWVRIWZDUH$QWRQ3DDU*UD]$XVWULDZDVXVHGWRϮϰϱ






>@ ZLWKȡVLOLFD HcȡZDWHU HcȡKHDGJURXS Hcȡ&+ ϮϱϮ
Hc DQGȡPHWK\O Hc$GGLWLRQDOO\ WKHPHWK\OWURXJKDQGKHDGJURXSWKLFNQHVVHVϮϱϯ










)UHVKO\PDGH66%/0SDUWLFOHVUHVXVSHQGHG LQHLWKHUUHJXODU3%6 EXIIHU RUEORFNLQJEXIIHULHϮϲϯ
3%6VXSSOHPHQWHGZLWKJP/323&YHVLFOHVDQGPJP/%6$ ZHUH WUDQVIHUUHG WR9Ϯϲϰ
ERWWRPHGZHOOSODWHVDQGVXEVHTXHQWO\ LQFXEDWHGZLWK/YROXPHVRI+53FRQMXJDWHGϮϲϱ
DQWL+LV DQWLERGLHV GLOXWHG YY LQ3%6EXIIHU IRUKRXU DW q &HLWKHU LQ3%6RUϮϲϲ
EORFNLQJEXIIHUJP/323&YHVLFOHVDQGPJP/ERYLQHVHUXPDOEXPLQ%6$ LQFRQLFDOϮϲϳ
ZHOOSODWHV 7KHSDUWLFOHVZHUH SHOOHWHGYLDFHQWULIXJDWLRQuJPLQDQG ZDVKHGWZLFHϮϲϴ
LQ/YROXPHVRI3%6EXIIHU ILUVWZLWKDQGWKHQ ZLWKRXW JP/323&OLSRVRPHV  PLQϮϲϵ
LQFXEDWLRQVDWq & 7KHZDVKHG66%/0SHOOHWVZHUHUHVXVSHQGHGLQ/RI3%6EXIIHUDQGϮϳϬ
WUDQVIHUUHGRQWRDIODWERWWRPHGZHOOSODWH)LQDOO\HDFKWHVWZHOOZDVVXSSOHPHQWHGZLWKϮϳϭ
/ RI SHUR[LGDVH DVVD\ ZRUNLQJ UHDJHQW $FHW\OGLK\GUR[\SKHQR[D]LQH $'+3 DQGϮϳϮ
LQFXEDWHGIRU  PLQ DWq& EHIRUH WKHUHDFWLRQZDVVWRSSHGWKURXJK WKHDGGLWLRQRI HTXLYDOHQWϮϳϯ






 DQGQPVLOLFDSDUWLFOHVZHUHPL[HGZLWKIOXRUHVFHQWO\ODEHOOHG323& YHVLFOHV QPϮϴϬ






SHOOHWLQJWKH XQZDVKHG SDUWLFOHV EOXH7KHYHVLFOHSDUWLFOHUDWLRLVJLYHQLQZHLJKWSHUFHQW7KHHUURUEDUVϮϴϲ
UHSUHVHQWWKHVWDQGDUGHUURURIWKHPHDQQ Ϯϴϳ
7KHVHPHDVXUHPHQWVUHYHDOHGWKDWDPLQLPDOYHVLFOHSDUWLFOHUDWLRRIZZ ZDVQHFHVVDU\WRϮϴϴ





:KLOH VSHFWURIOXRURPHWU\ SURYHG XVHIXO WRZDUGV LQGLFDWLQJ ZKHWKHU WKH 323& OLSLGV ZHUHϮϵϰ
DGKHULQJWRWKHVLOLFDSDUWLFOHVWRWKHSRLQWRIVDWXUDWLRQWKHUHVXOWV FRXOG QRWGLVFULPLQDWHEHWZHHQϮϵϱ
FRUUHFW 66%/0 IRUPDWLRQ DQG WKH VLPSOH DWWDFKPHQW RI OLSLG PDWHULDO WR WKH DYDLODEOH VLOLFDϮϵϲ
VXUIDFH7KHUHIRUHVPDOODQJOH;UD\VFDWWHULQJ6$;6 DQGFU\RHOHFWURQPLFURVFRS\FU\R(0Ϯϵϳ
















































REVHUYHGDGGLWLRQDOZHDNDQGEURDGVFDWWHULQJDURXQG T   QP LV WKHIRUPIDFWRU FRQWULEXWLRQϯϬϱ
DULVLQJIURPQDQRSRUHV5J  QPZLWKLQWKH6LSDUWLFOHVϯϬϲ
6HFRQGO\ WKH 6$;6 GDWD IURP WKH 323&FRDWHG VDPSOHVZHUH WKHQ ILWWHGZLWK D IL[HG VLOLFDϯϬϳ
SDUWLFOHUDGLXVRI QPDSSO\LQJ DQH[WHQGHGFRUHVKHOOPRGHO VHH0DWHULDOVDQG0HWKRGVϯϬϴ
)LJXUH$SXUSOH1RWWRRYHUSDUDPHWUL]HWKHPRGHOZHNHSWWKHQXPEHURIILWWLQJSDUDPHWHUVϯϬϵ
DVORZDVSRVVLEOH +HQFHDOO FRPPRQO\NQRZQ HOHFWURQGHQVLWLHVRIWKHPRGHOOHG66%/0OD\HUVϯϭϬ
ZHUHVHWWROLWHUDWXUHYDOXHVDQGIXUWKHUWKHPHWK\OWURXJKDQGKHDGJURXSWKLFNQHVVHVZHUHDOVRϯϭϭ
IL[HGWR QPDQG QPUHVSHFWLYHO\>@ 7KLVPHDQV RQO\WKHUDGLDOGLPHQVLRQVRIWKHϯϭϮ





IURP WKH VLOLFD QDQRSRUHV DQGKHQFH WKH HYDOXDWLRQ RI ELOD\HU VWUXFWXUH LV XQSUREOHPDWLF ,Qϯϭϴ
FRQFOXVLRQ WKH 6$;6 GDWD DQDO\VLV VXSSRUWV WKH SURSHU DQG LQWDFW IRUPDWLRQ RI WKH 66%/0Vϯϭϵ
GLVSOD\LQJ DELOD\HU SKRVSKDWHWRSKRVSKDWHGLVWDQFHRIWKHVXSSRUWHGOLSLGELOD\HUV WREH  ϯϮϬ
QPDWq&ZKLFK ZLWKLQHUURUVDJUHHVZLWKWKHSUHYLRXVO\UHSRUWHG YDOXHRI QPE\.XþHUNDϯϮϭ
HW DO>@ 7KH ILW DOVR LQFOXGHG WKHZDWHU OD\HU IRUZKLFK D WKLFNQHVV RI    QPZDVϯϮϮ
GHWHUPLQHG WKLQQHU WKDQ WKH  QP GHWHUPLQHG E\ %D\HUO HW DO E\105 IRU 66%/0V >@ϯϮϯ










,QRUGHU WR HPEHGPHPEUDQHSURWHLQV LQWR66%/0V IUHVK VDPSOHVZHUH IRUPHGXVLQJ 1XS&ϯϯϯ
FRQWDLQLQJSURWHROLSRVRPHV +LVWDJJHG1XS&ZDV ILUVWUHFRQVWLWXWHGLQWR323&YHVLFOHV DWDϯϯϰ
ZZ SURWHLQOLSLG UDWLR DQG WKH UHVXOWLQJ SURWHROLSRVRPHV ZHUH VXEVHTXHQWO\ XVHG LQ WKHϯϯϱ
IRUPDWLRQRI ERWK DQGQP 1XS&HPEHGGLQJ66%/0V DVGHVFULEHGXQGHU0DWHULDOVDQGϯϯϲ
0HWKRGV 7KHVXFFHVVIXO HPEHGGLQJRI1XS&LQWRWKH66%/0 ZDVLQLWLDOO\FRQILUPHGYLD 6'6ϯϯϳ
3$*( DQG ZHVWHUQ EORWWLQJ XVLQJ DQ +53FRQMXJDWHG DQWL+LV DQWLERG\ )LJXUH  7KHϯϯϴ
DSSHDUDQFH RIWKHEDQGV FRQILUPHGWKDW1XS& ZDV LQGHHGSUHVHQW ZLWKLQWKH66%/0VZKLOH WKHϯϯϵ
LQWHQVLW\ RI WKH1XS&EDQGVIURP WKHQP66%/0VDPSOHV ZDVVLJQLILFDQWO\PRUHLQWHQVLYHϯϰϬ












3URWHLQIUHH66%/0 SDUWLFOHV ZHUHFUHDWHG IRUQHJDWLYHFRQWUROSXUSRVHV,WVKRXOGEHQRWHG WKDWϯϱϮ
LQRUGHU WRSUHVHUYH WKH VWUXFWXUHRIWKH 66%/0VWKHDQWLERG\LQFXEDWLRQ VWHS ZDV SHUIRUPHGLQϯϱϯ
WKHDEVHQFHRI GHWHUJHQWV W\SLFDORI WUDGLWLRQDO(/,6$V LH7ZHHQ ,QLWLDO UHVXOWV UHYHDOHGϯϱϰ
KLJKEDFNJURXQGVLJQDOVGXHWRQRQVSHFLILF ELQGLQJRIWKHDQWLERG\WR 66%/0SUHVXPDEOH DVDϯϱϱ
FRQVHTXHQFHRI GHIHFWV LQ WKHPHPEUDQH FRDWLQJ H[SRVLQJ WKHEDUH VLOLFD>@ +RZHYHU QRQϯϱϲ
VSHFLILF ELQGLQJRIDQWLERGLHVFRXOGEH EORFNHGYLDWKH DGGLWLRQ RI JP/ 323&OLSRVRPHV DQGϯϱϳ
PJP/%6$ GXULQJWKH DQWLERG\LQFXEDWLRQVWHS7KH JP/323& YHVLFOHVZHUHDGGHGWRϯϱϴ
DOORIWKH VXEVHTXHQWZDVKLQJVWHSV WRUHSDLUDQ\GHIHFWVLQWKHPHPEUDQHOD\HUWKDWPLJKWDULVHϯϱϵ






)LJXUH (/,6$ UHVXOWV IOXRUHVFHQFHVLJQDOVHPLWWHG IURP QPUHGDQGQP EOXHVLOLFDSDUWLFOHVϯϲϱ
HQYHORSHG LQ SURWHLQIUHH323&66%/0V FRQWURO RU 66%/0V HPEHGGLQJ+LVWDJJHG1XS& 1XS&ϯϲϲ
&RQWURODQG1XS&66%/0VZHUH WUHDWHG LGHQWLFDOO\ 7KHHUURUEDUV UHSUHVHQW WKH VWDQGDUGHUURURI WKHϯϲϳ
PHDQQ ϯϲϴ
8VLQJRXURSWLPLVHG SHUR[LGDVHDVVD\ SURWRFROZHDOVRWHVWHGZKHWKHU66%/0VFRXOGEHIRUPHGϯϲϵ
GLUHFWO\IURP WRWDOLH³FUXGH´ ,0 H[WUDFWV RYHUH[SUHVVLQJRXU SURWHLQ RILQWHUHVWVLQFHVXFKDQϯϳϬ
DSSURDFK ZRXOG SURYH KLJKO\ EHQHILFLDO WRZDUGV DVVD\LQJ PHPEUDQH SURWHLQ WDUJHWV WKDW DUHϯϳϭ
GLIILFXOW WRSXULI\RU UHFRQVWLWXWH LQWR OLSLGYHVLFOHV:HKDYHSUHYLRXVO\ VKRZQ WKDW WRGHSRVLWϯϳϮ
VROLGVXSSRUWHGPHPEUDQHV RQSODQDUJODVVRUVLOLFDVXUIDFHVXVLQJ FUXGHEDFWHULDO PHPEUDQHVϯϳϯ
VXFK H[WUDFWV KDYH WR EH ILUVW PL[HGZLWK OLSRVRPHV HJ 323& OLSRVRPHV WR UHGXFH SURWHLQϯϳϰ
FRQWHQWLQWKHPHPEUDQHV>@ 323&YHVLFOHVZHUHWKXV PL[HGYLDWKHIUHH]HWKDZPHWKRGZLWKϯϳϱ
( FROL ,0 H[WUDFWV RYHUH[SUHVVLQJ +LVWDJJHG 1XS& DW YDULRXV UDWLRV 0HPEUDQH H[WUDFWVϯϳϲ
RYHUH[SUHVVLQJ WKHXQWDJJHGZLOGW\SH FRQVWUXFW RI1XS&ZHUHXVHG DVQHJDWLYH FRQWUROV 7KHϯϳϳ
UHVXOWV)LJXUH FRQILUPHG WKDW66%/0V FDQDOVREHXVHGDVDVFUHHQLQJSODWIRUPZKHQ FUXGHϯϳϴ
,0 H[WUDFWVFRQWDLQLQJKLJKSURWHLQWROLSLGUDWLRVDUHXVHG7KHRSWLPXPUDWLRRIEDFWHULDO,0ϯϳϵ
H[WUDFWV WR 323&OLSRVRPHV OLHVEHWZHHQZZLQOLQHZLWKSUHYLRXVILQGLQJV RQSODQDUϯϴϬ

































)LJXUH (/,6$UHVXOWVIOXRUHVFHQFHVLJQDOVHPLWWHG IURP QPOHIWDQGQPULJKWVLOLFDSDUWLFOHVϯϵϭ




HPEHGGHGRQWR WKHVLOLFDSDUWLFOHVWKHVHWZRPHWKRGV GRQRW FRQILUPWKDWWKHOLSLGELOD\HUV ZHUHϯϵϲ
FRUUHFWO\IRUPLQJ DURXQGWKHSDUWLFOHVDVFRPSDUHGWRIRULQVWDQFHLQWDFWYHVLFOHVDGVRUELQJWR WKHϯϵϳ
VXUIDFHRI WKH SDUWLFOHV ,QGHHG WKHQHJDWLYHHIIHFWV RI PHPEUDQHSURWHLQVRQ WKHIRUPDWLRQRIϯϵϴ
SODQDUVROLGVXSSRUWHGPHPEUDQHVKDYH SUHYLRXVO\ EHHQGRFXPHQWHG>@ :HQRWHKHUHKRZHYHUϯϵϵ
WKDWHYHQVKRXOGWKHYHVLFOHVEH SDUWO\XQIXVHGRQ WKHVSKHULFDOVLOLFDSDUWLFOHVWKH V\VWHPZRXOGϰϬϬ
VWLOOIRUPDVXLWDEOHVFUHHQLQJSODWIRUPDVLQGLFDWHGE\WKH(/,6$UHVXOWV1HYHUWKHOHVV LQRUGHUϰϬϭ
WRIXUWKHUFRQILUPWKHFRUUHFWIRUPDWLRQRIWKH66%/0VDVZHOODV WRSURYLGHDVHFRQGPHWKRGWRϰϬϮ
VKRZVSHFLILF ELQGLQJWRHPEHGGHGSURWHLQVZH DOVR LPDJHG WKH66%/0 SDUWLFOHVYLD FU\R(0ϰϬϯ
(0 VDPSOHV ZHUH SUHSDUHG XVLQJ +LVWDJJHG 1XS&323& SURWHROLSRVRPHV DQG SURWHLQIUHHϰϬϰ
323&OLSRVRPHVIRUWKHHTXLYDOHQWQHJDWLYHFRQWUROV DQGVXEVHTXHQWO\LQFXEDWHGZLWK1L17$ϰϬϱ
1DQRJROG SUREHV VR DV WRPRQLWRU WKH GLVWULEXWLRQ RI+LVWDJJHG1XS& )LJXUH  %\ UDSLGO\ϰϬϲ
IUHH]LQJ WKH66%/0V LQYLWUHRXV LFH WKH OLSLGPHPEUDQH VWUXFWXUH LV SUHVHUYHG DVRSSRVHG WRϰϬϳ
QHJDWLYHVWDLQLQJZKLFKFDQIODWWHQWKHVSHFLPHQV EHLQJVWXGLHG,QRUGHUWRIXUWKHUSUHVHUYHWKHϰϬϴ














































1L17$1DQRJROG SDUWLFOHVFOHDUO\LQGLFDWHG WKHORFDWLRQRIWKHHPEHGGHGSURWHLQV RQWKHVXUIDFHϰϭϮ
RIWKH66%/0VKLJKOLJKWHGE\WKHPXOWLWXGHRIUHSUHVHQWDWLYH EODFN³GRWV´ 7KHLPDJHVVKRZWKDWϰϭϯ









,I1XS&DGRSWVD UDQGRPRULHQWDWLRQRQ WKHVLOLFDSDUWLFOHVKDOIRI WKHPZLOOKDYH WKH+LVWDJϰϮϯ
IDFLQJRXWZDUGVIRUWKH1LB17$1DQRJROGWRELQGLHSHUVLOLFD7KHORZHUDYHUDJHQXPEHUϰϮϰ
RI1L17$1DQRJROGWKDWDUHREVHUYHGLQWKH(0LPDJHVFRXOGEHGXHWRLQFRPSOHWHELQGLQJRIϰϮϱ











$ SDUWLFXODU VFUHHQLQJ PHWKRG WKDW ILQGV LQFUHDVLQJ XVH LQ ERWK WKH SKDUPDFHXWLFDO DQGϰϯϲ
ELRWHFKQRORJLFDOILHOGV LVWKDW EDVHGRQSKDJHGLVSOD\,Q SULQFLSOHSKDJH GLVSOD\VFUHHQLQJFDQϰϯϳ
EH SHUIRUPHG XVLQJ GHWHUJHQWVROXELOLVHGPHPEUDQH SURWHLQ WDUJHWV+RZHYHU GHWHUJHQWEDVHGϰϯϴ
VFUHHQLQJ PHWKRGV FRPH ZLWK WKHLU RZQ GUDZEDFNV LQFOXGLQJ WDUJHW GHQDWXUDWLRQ RYHU ORQJϰϯϵ

SHULRGV RIVWRUDJH RU WKHLQDELOLW\WRVROXELOLVHFHUWDLQPHPEUDQHSURWHLQFODVVHVGXHWRPRQRPHUϰϰϬ
SDFNLQJ GHIHFWV UHVXOWLQJ LQ WKHLU DJJUHJDWLRQ DQG XOWLPDWHO\ LQDFWLYDWLRQ IROORZLQJϰϰϭ
SXULILFDWLRQ>@ $ILQDOSUREOHPZLWKSKDJHGLVSOD\VFUHHQLQJ DJDLQVWPHPEUDQHSURWHLQWDUJHWVϰϰϮ
LV WKH LPPRELOLVDWLRQ VWUDWHJ\ *OREXODU SURWHLQV DUH W\SLFDOO\ DGVRUEHG RQWR SRO\PHULF RUϰϰϯ
VWUHSWDYLGLQ FRDWHG VXUIDFHV +RZHYHU GHWHUJHQW VROXELOLVDWLRQ RIPHPEUDQH SURWHLQV DQG WKHϰϰϰ






PHPEUDQHSURWHLQUHVHDUFKHUV 7KH VXFFHVVIXOHPEHGGLQJ RI1XS&ZLWKLQWKH66%/0IRUPDWRQϰϱϭ
ERWK DQGQPVLOLFDSDUWLFOHVDORQJZLWK FRQILUPLQJ WKHDFFHVVLELOLW\RI WKH HPEHGGHGϰϱϮ
SURWHLQVWRZDUGVKLJKDIILQLW\DQWLERG\ELQGLQJ ERWKVXJJHVW WKDWWKH66%/0VFRXOGFRQVWLWXWH Dϰϱϯ
SURPLVLQJQHZPHDQVRIVWXG\LQJPHPEUDQHSURWHLQV LQWKHIXWXUH 66%/0VUHSUHVHQW DYHUVDWLOHϰϱϰ
PRGHO V\VWHP WKDW QRW RQO\PLPLFV WKH RULJLQDO FHOOXODU OLSLG HQYLURQPHQW EXW DOVR HOHJDQWO\ϰϱϱ
FLUFXPYHQWVWKHQXPHURXVGLVDGYDQWDJHVRIIHUHGE\ WUDGLWLRQDOGHWHUJHQWVROXELOLVDWLRQPHWKRGVϰϱϲ
$OWKRXJKWKHµVKHOIOLIH¶VWDELOLW\RIWKH66%/0ZDVQRWVWXGLHGKHUHPHPEUDQHSURWHLQVKDYHϰϱϳ
SUHYLRXVO\ EHHQ GHWHUPLQHG WR EH VWDEOH RI ZHHNV LQ VLOLFDVXSSRUWHGPHPEUDQH V\VWHPV>@ϰϱϴ
7KHUHIRUH ZHEHOLHYH WKDWWKH SODWIRUPFRXOG XOWLPDWHO\VHUYHDVDQHQKDQFHG VFUHHQLQJVXSSRUWϰϱϵ
IRU WKH GLVFRYHU\ RI QRYHO DQWLERG\ ELQGHUV LQ DQ LQGXVWULDO VHWWLQJ XVLQJ KLJKWKURXJKSXWϰϲϬ
WHFKQRORJLHVMXVWDVLWKDV DOUHDG\EHHQFRQVLGHUHGIRUWKHUROHRI GHOLYHULQJWKHUDSHXWLFSD\ORDGVϰϲϭ
WRPHPEUDQHSURWHLQWDUJHWV YLD66%/0EDVHG QDQRYHFWRUV>@ϰϲϮ
:H QRWHKHUH WKDWVXLWDEOHOLSRVRPHSDUWLFOHUDWLRVPXVWEHPHWLQRUGHUWRDYRLGSDUWLDOO\ FRYHUHGϰϲϯ








LQWKHSDVW>@ DQGDQDGGHGEHQHILWRI RWKHU VXFK LPSURYHPHQWV ZRXOGEHWKHSRVVLELOLW\IRU IXUWKHUϰϳϭ
DXWRPDWLRQRIIHUHGE\ DQLQGXVWULDOVHWWLQJZKLFKZRXOGXOWLPDWHO\ DOORZWKH66%/0VWREHXVHGϰϳϮ
LQKLJKWKURXJKSXWVFHQDULRVDVZHOOϰϳϯ
2WKHU LPSURYHPHQWV FRXOG EH FRQVLGHUHG IRU WKH XVH RI 66%/0V LQ VFUHHQLQJ DVVD\V 6RPHϰϳϰ
DSSURDFKHV HQDEOH WKH RULHQWHG UHFRQVWLWXWLRQ RI DSSURSULDWHO\WDJJHGPHPEUDQH SURWHLQV HJϰϳϱ
+LVWDJJHG SURWHROLSLG ELOD\HUV GHSRVLWHG RQWR1L17$WUHDWHG VXUIDFHV>@ZKLOH RWKHUV DUHϰϳϲ
EHWWHUVXLWHGDWSUHVHUYLQJWKHIXQFWLRQDOLW\RIWKHWDUJHWSURWHLQVSRVWSXULILFDWLRQHJ66%/0Vϰϳϳ
IRUHOHFWURSK\VLRORJ\>@ RUHOHFWURFKHPLVWU\>@$Q\FRQWDFWZLWKDVROLGVXSSRUWFDQϰϳϴ
SRWHQWLDOO\ DIIHFW SURWHLQ IOXLGLW\ DFURVV WKH PRGHO PHPEUDQH DQG FRQVHTXHQWO\ SUHYHQW WKHϰϳϵ
XQLIRUPGLVWULEXWLRQRIWKHGHVLJQDWHG DQWLJHQWKURXJKRXW WKHFKRVHQVFUHHQLQJIRUPDW6HYHUDOϰϴϬ
DOWHUQDWLYHV WR WKH FRQYHQWLRQDO PHWKRG RI VROLG VXSSRUWHG PHPEUDQH IRUPDWLRQ YLDϰϴϭ
SURWHROLSRVRPDOGHSRVLWLRQKDYHEHHQWULDOOHGLQDQDWWHPSWDWE\SDVVLQJWKHSUREOHPVFDXVHGE\ϰϴϮ




,QFRQFOXVLRQZHKDYHGHPRQVWUDWHG WKDW66%/0VUHSUHVHQW DSURPLVLQJSODWIRUPIRU VFUHHQLQJϰϴϳ
DVVD\V ZKHUH PHPEUDQH SURWHLQ WDUJHWV DUH GLVSOD\HG HPEHGGHG ZLWKLQ D QDWLYHOLNH OLSLGϰϴϴ
HQYLURQPHQW:HKDYHDOVRGHPRQVWUDWHG WKDW66%/0VFDQEHTXLFNO\DQGHDVLO\IRUPHGXVLQJϰϴϵ
SXULILHGSURWHLQVUHFRQVWLWXWHGLQWR OLSRVRPHVDVZHOODV E\GLUHFWO\HPSOR\LQJ FUXGHPHPEUDQHϰϵϬ
H[WUDFWV+HUH WKH SRWHQWLDO VXLWDELOLW\ RI WKH66%/0SODWIRUP WRZDUGV KLJKDIILQLW\ DQWLERG\ϰϵϭ
ELQGLQJ ZDVHVWDEOLVKHG XVLQJ(/,6$VDQGFU\R(0 LPDJLQJZKHUHWKHIRUPHU WHFKQLTXH VKRZHGϰϵϮ
WKDWQRQVSHFLILFELQGLQJ FDQEHPLQLPLVHG WKURXJK VXLWDEOH DVVD\PRGLILFDWLRQV :HDUHQRZϰϵϯ
LQYHVWLJDWLQJZKHWKHUWKH66%/0 FDQEHDSSOLHGLQSKDJHGLVSOD\VFUHHQLQJϰϵϰ
$FNQRZOHGJHPHQWVϰϵϱ
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